A problem in the management of patients with prostate cancer is predicting tumor behavior. Stage is the most useful determinant, with other features, including tumor grade and histology, being of lesser value. As solid tumors are highly angiogenic, several studies have measured the molecules that regulate neovascularization such as VEGF A. For example, studies show that VEGF A mRNA and protein are significantly elevated in renal tumors compared with BPH tissues with some evidence to suggest a relationship to microvessel density. [1] [2] [3] [4] Furthermore, serum VEGF-A protein has been related to grade and stage and may be useful in predicting prognosis in nonoperable renal cancer patients. [5] [6] [7] Other studies in breast cancers in which up to seven angiogenic factors are expressed, 8 suggest that multiple angiogenic factors might provide useful clinical information for patient management. Recently, several new members of the VEGF family have been identified including VEGF-B [9] [10] and VEGF-C, [11] [12] which may help to develop this approach. The studies of renal cancer indicate both factors and their respective receptors are expressed at elevated levels in renal cancer. These angiogenic factors may play an important role in tumor progression and metastasis. For example, VEGF-B binds to flt-1 (VEGF R1), receptor activation subsequently results in upregulation of urokinase plasminogen activator and its inhibitor plasminogen activator inhibitor-1 (PAI-1). Indirectly, these results suggest a role for VEGF B and flt-1 in endothelial cell migration and matrix remodeling. 14 Similarly, VEGF-C stimulates endothelial cell migration and proliferation in addition to increasing vascular permeability. 15 These processes are mediated through KDR (VEGF R2) and another related tyrosine kinase receptor flt-4 (VEGF R3). 16 The latter receptor appears to be largely restricted to lymphatic endothelium cells, but is also present on tumor neovasculature, which suggests a role in both angiogenesis and lymphatic spread and lymphangiogenesis. [17] [18] [19] [20] Unlike the numerous studies demonstrating the importance of VEGF-A in breast or renal cancers, there are no data available for angiogenic factors and their receptors in prostate cancer.
We have cloned a truncated flt-4 gene, termed flt4t D773-1081 , from human prostate PC-3ML tumor cells and examined the expression of this gene in human prostate cancer. Utilizing RNase protection assays, we have measured and compared the mRNA level of VEGF-B and VEGF-C together with their receptors, KDR, flt-4 and the flt-4t D773-1081 gene in 21 BPH and 82 prostate cancers samples. 'RNase Protection Assays' and ELISAs were also employed to evaluate and compare mRNA/antigen expression profiles in primary (ie T2a-T2b and T3 tumors) with (n ¼ 26) and without (n ¼ 26) lymph node metastases. The data showed that VEGF D and flt-4t D773-1081 expression levels were significantly elevated in both the primary tumors and sentinel lymph nodes compared to those lacking metastatic lesions, suggesting that targeting these two genes may be effective in the prevention of lymph node metastasis.
Materials and methods
Cloning the flt-4t D773-1081 Gene mRNA was isolated from PC-3 ML cells using a mRNA purification kit (PolyATtract system 1000 0 , Promega). A phage vector ZAP-express vector (Stratagene) was used to construct a cDNA library. Using the FASTA search algorithm carried out computer searches for flt-4 related sequences. The expressed sequence tag (EST) encoding the Cterminal region of flt-4 (GenBank accession no.XM 044114) had been isolated by the Integrated Molecular Analysis of Genome Expression Consortium as part of the Washington University-Merck EST Project. The EST was obtained from the American Type Culture Collection and was used as hybridization probe for isolation of cDNA from a cDNA library of the PC-3ML human prostate cells. The flt-4t D773-1081 gene was cloned with a ZAP express vector (Stratagene Inc., CA, USA) in three separate experiments for comparison. The pBK-CMV phagemid was excised in vivo from the ZAP express vector according to Stratagenes protocol using a ZAP express vector kit. The pBK-CMV phagemid was utilized for DNA sequencing. The protein sequence was deduced from the cDNA sequence using a GCG program.
A truncated flt-4 gene was cloned with a base pair deletion between þ 773 and þ 1081 bp downstream of the agt translational start site at 557 bp. 
Tumors and Patients
Prostate carcinomas (n ¼ 82) and histological BPH tissues (n ¼ 21) taken from uninvolved prostate tissue distant from tumor were derived from patients undergoing surgery. The clinical and pathological characteristics of the patient series are contained in Table 1 .
RNase Protection Assay Protocol
Tissue was snap frozen after surgical resection and total RNA was prepared by either the method of Chomczynski and Sacchi or the guanidinium thiocyanate lysis or cesium chloride-gradient method. 21 In all, 200 ng of each cDNA template was linearized Expression of a flt-4 (VEGFR3) splicing variant in primary human prostate tumors ME Stearns et al and antisense 32 P-RNA probes generated using a Riboprobe Combination System T3/T7 kit (Promega, Madison, WI, USA). The probes were designed to generate different sized protected fragments to allow several factors to be assayed within the same total RNA sample, thereby avoiding the problem of interassay variability. These comprised a 471-bp VEGF-A (positive control for cell line experiments), 340-bp VEGF-B probes, 415-bp VEGF-C and 350 bp VEGF-D probes together with a 218-bp flt-1, a 350-bp KDR, a 273-bp flt-4 probe bridging the deleted region observed in the flt-4t D773-1081 gene 22 and a 250-bp flt-4t D773-1081 probe bridging the region deleted from the flt-4 gene. The DNA template was removed with DNase1, and the reaction was purified using a mini Quick Spin RNA Column (Boehringer Mannheim Corp.). An amount of 20 mg of RNA samples were resuspended in hybridization buffer containing the respective labeled RNA probes and the samples were denatured and incubated overnight at 451C. The RNA remaining after hybridization was digested with RNase A and RNase T1 (Boerhinger Mannheim GmbH, Mannheim, Germany). RNases were inactivated using Proteinase K and proteins removed by phenol/chloroform/isoamyl alcohol extraction. Hybridized RNA was ethanol precipitated and size separated on an 8% polyacrylamide gel. Gels were vacuum dried (BioRad model 583) and exposed to X-ray film (Eastman Kodak Co., Rochester, NY, USA) between intensifying films at À801C overnight. Aliquots of native labeled probes and labeled probes subjected to RNase digestion were included in all of the assays to determine probe integrity and efficacy of RNase digestion. 23 To minimize variable results from assay to assay, 20 mg of total RNA was loaded (for each sample) which contained known amounts of transcribed GAPDH sense probe. Scanning laser densitometry was used to quantify mRNA levels, and mRNA signal was standardized against the sense GAPDH control spike signal. An amount of 20 mg of tRNA was used as a negative control and 20 mg of PC-3 ML cell mRNA was used as a positive control for each experiment. Note that GAPDH was expressed by BPH and the different tumors at equivalent levels and is a good standard for these studies.
Statistical Analysis
The Spearman rank correlation coefficients were used for studying the association between continuous variables. Tests of hypotheses on the location parameter (median) were done using rank statistics (Mann-Whitney, Kruskall-Wallis, and adjusted Kruskall-Wallis for ordered groups). The w 2 -test was used to test for independence of categorical variables including categorized continuous variables and logistic regression/multivariate analysis to confirm any significant statistical associations. All of the tests were performed using the Stata (Figure 4a) . Surprisingly, no significant 
Comparison of Primary Tumors With and Without Lymph Node Involvement
Measurements of mRNA expression in primary tumors without (black and dotted bars) and with lymph node metastases (checkered and stripped bars) show that only VEGF-D (P40.0022), and flt4t D773-1081 (P40.006) were expressed at significantly elevated levels in T2a-T2b/T3 tumors with lymph node involvement (checkered and stripped bars) when compared with primary tumors without lymph node involvement (black and dotted bars), respectively ( Figure 6 ). No significant difference in the expression level of the other genes (ie VEGF-C, VEGF-B, flt-1, KDR, and flt-4) was observed as a function of lymph node involvement (Po0.3, 0.5, 0.6, 0.2, 0.1, respectively) ( Figure 6 ). ELISAs verified that antigen expression levels closely corresponded with the mRNA levels observed (Figure 7) . We then evaluated the matching sentinel lymph node tumors of the T2a-T2b and T3 tumors (n ¼ 12 and 14, respectively). RNase Protection assays ( Figure 8 ) and ELISAs ( Figure 9 ) showed that VEGF-B and VEGF-C levels were relatively low (P40.345), but VEGF-D was elevated in the metastatic lesions (P ¼ 0.0045) compared to BPH. In addition, 'RNase Protection Assays' (Figure 8 ) and ELISAs ( Figure 9 ) showed that flt-1, KDR, flt-4 and flt-4t D773-1081 were expressed at relatively elevated levels in the sentinel lymph node metastases from the T2a-T2b and T3 tumors compared to BPH, Po0.08, 0.09, 0.07 and 0.1, respectively (Figures 8  and 9 ). However, flt-4t D773-1081 levels were significantly higher than the other receptors (P ¼ 0.0068). Taken together, these data indicate that the primary tumors and matching sentinel lymph nodes consistently overexpress VEGF D and flt-4t. Note that ELISAs with GAPDH antibodies indicated GAPDH levels ranged from 65 to 85 ng/ml in the crude protein extracts assayed in Figures 7 and 9 , indicating the quality of the protein extracts was not a contributing factor towards the differences in VEGF D and flt-4t levels observed among samples.
Discussion
We have examined VEGF B-D expression in benign and malignant prostate cancer utilizing 'RNase Protection Assays' and ELISAs. The data showed that VEGF-B and to a much lesser extent VEGF-C mRNA are expressed by BPH, indicating VEGF B (and or VEGF-C) may play a role in the development and repair of the microvasculature. 24 ,25 VEGF D is not expressed to any significant degree in BPH tissue, indicating that this ligand is not required. Interestingly, all three ligands are expressed in tumor tissues and are likely to play a role in the neovascularization of prostate cancer. In comparison to BPH, we observed a significant increase in VEGF-B, VEGF-D, flt-1, flt-4, and flt-4t D773-1081 in tumor tissues. Perhaps more importantly, no difference in VEGF-C and its receptors was observed between BPH and tumor tissues. This suggests VEGF-B and VEGF-D might play a prominent role in the neovascularization of malignant tissues. However, since several of the tumors failed to express VEGF-D, flt-4 or flt-4t D773-1081 , and since VEGF-C and its receptors were expressed in some tumors, other unknown factors play contribute to the angiogenesis of tumor tissue. That is, different tumors might deploy distinct (yet redundant) angiogenic pathways to establish a neovasculature. For example, tumors unable to deploy VEGF-A, might express VEGF-B and/or VEGF-D or VEGF-C. 26 Additional studies in this paper compared the expression levels of each of the genes/proteins of interest in the primary tumors and matching sentinel lymph node metastases. Measurements of mRNA expression in lymph node metastases of the T2a-T2b and T3 tumors showed that relatively low levels of VEGF-B and VEGF-C mRNA were expressed in the primary tumors and matching lymph Expression of a flt-4 (VEGFR3) splicing variant in primary human prostate tumors ME Stearns et al Expression of a flt-4 (VEGFR3) splicing variant in primary human prostate tumors ME Stearns et al
Unfortunately, there was no significant relationship between VEGF D (P ¼ 0.516) and flt-4t D773-1081 receptor expression, indicating the combined expression of these genes is not associated with tumor progression. It may turn out that there is a simplistic explanation for this discrepancy such as a decline in VEGF D levels with the development of lymphatic networks at tumor surfaces.
A number of the primary T2a-T2b (n ¼ 15) and T3 (n ¼ 11) tumors were devoid of any lymph node involvement. RNase Protection Assays and ELISA data on the gene/protein expression profiles exhibited by these tumors revealed that VEGF B, and VEGF C were expressed at somewhat lower levels compared to the tumors with lymph node involvement (P ¼ 0.102, and 0.155, respectively). Flt-1 and KDR levels, in comparison, were similar to the values observed for the tumors with lymph node involvement (Po0.04 and 0.03, respectively). In contrast, VEGF D, and flt-4t D773-1081 levels were significantly diminished in the primary tumors without lymph node involvement compared to that of the primary tumors with lymph node involvement (P40.0052 and 0.006, respectively). The ELISA data closely mirrored the measurements of mRNA expression and the implication is that elevated VEGF D and flt-4t D773-1081 expression levels are important for metastases to the lymph nodes (ie sentinel lymph node involvement).
Surprisingly, no significant correlation was observed between expression of VEGF-B, VEGF-C or VEGF-D and flt-1, KDR, flt-4 or flt-4t D773-1081 and important clinical parameters examined (eg serum PSA, size of tumor or patient age). Likewise, there was no significant correlation between VEGF-B, VEGF-C, flt-1, KDR, and flt-4 with Gleason score of the tumors. This is in agreement with the reported literature in other tumor types in which associations to clinical-pathological parameters such as nodal metastasis have been conflicting. [27] [28] [29] [30] For example, in studies of renal cancer, no significant correlation was observed between expression of either VEGF-B or VEGF-C and tumor stage, grade, size or patient sex and age. 13 Still, this may not be a critical issue, since solid cancers are known to express several angiogenic factors 8 that may act synergistically (eg VEGF-C and VEGF-A) 31 to form a tumor blood supply and lymphatic network.
In contrast to the other VEGF receptors, flt-4t D773-1081 levels clearly increased significantly in Gleason score 7 and Gleason score 8-10 tumors as well as in stage T2a-T2b/T3 tumors when compared with the lower stage tumors, suggesting that the truncated form of flt-4t may be associated with tumor progression.
In this regard, Flt-4 or VEGFR-3 is the first lymphatic endothelial cell-specific receptor identified. 32 It was cloned as an orphan receptor from human erythroleukemia cell and placental cDNA libraries 33, 34 and the flt-4 gene was located to the chromosomal segment 5q33-q35. 34, 35 Subsequently, VEGF-C and VEGF-D were found to bind to and to activate flt-4. [36] [37] [38] VEGF-C mRNA is expressed in close proximity to its receptor flt-4 during mouse development. 39 Accordingly, VEGF-C is capable of inducing hyperplasia of lymphatic vessels in transgenic mice and in chick chorioallantoic membrane. 40, 41 These results suggest that VEGF-C, VEGF-D and flt-4 play a role in the generation of the lymphatic system and their maintenance.
Caution needs to be exercised in the interpretation of the results, as is difficult to claim that flt-4 expression (or flt-4t D773-1081 ) is specific for lymphatic endothelial cells. Flt-4 is relatively specific for lymphatics in adults, but it is also expressed in some fenestrated blood endothelial cells and angiogenic blood vessels in tumors 42, 43 and may play a role in angiogenesis as well. In any event, truncated polymorphisms of flt-4 may play a critical role in the development of lymphatic networks surrounding tumors. Recently, Iljin et al 44 cloned and analyzed the flt-4 gene and characterized its structure as well as the promoter region responsible for its endothelial cell-specific expression. The coding sequence of the flt-4 gene is organized into 31 exons that closely correspond to the genomic organization of the mouse flt-1 and human KDR genes. 45, 46 They also identified many polymorphisms of the VEGFR3 sequence and have recently demonstrated that flt-4 mis-sense mutations are a cause of familial early onset lymphedema, 47, 48 indicating several flt-4 mutations and or deletions may arise in lymphedema families and or tumors. The flt-4t D773-1081 gene identified here appears to be a truncated version of flt-4 and to be expressed in advanced tumors with a high propensity for metastases to the lymph nodes. Future studies evaluating ligand binding and signaling should provide valuable insights as to the mechanistic aspects favoring tumorigenesis and metastasis.
